The objective of this research was to investigate the effects of beef extract on fat metabolism, muscle mass and muscle fiber types in rats. We also investigated the synergetic effect of endurance exercise. Twenty-four male rats weighing about 270 g were assigned to two diets containing 0 or 6% beef extract (BE). Half the rats fed each diet were subjected to compulsory exercise (CE) for 30 min every other day. After 4 weeks feeding, the blood was collected and various organs were dissected. The muscle fiber type of the soleus and extensor digitorum longus (EDL) muscles were evaluated by histochemical and electrophoretical analyses. Rats supplemented with BE showed a decrease in fat content in liver and abdomen and an increase in the activity of carnitine palmitoyl transferase II in liver. BE as well as exercise increased the relative weights of both soleus and EDL. BE alone and BE plus CE did not affect the distribution of muscle fiber types in soleus. BE without exercise decreased in type IIb of EDL from 54% to 44% with compensatory increase in type IIa from 41% to 49% and type I from 5% to 7% compared with the nonsupplemented, nonexercised control group. No synergetic effect on a fast to slow fiber conversion due to the combination of BE and CE was detected. Thus, BE supplement increased muscle mass and slow type fiber in EDL. The effects of BE supplement on muscle characteristics were similar to those of exercise. Key Words beef extract, fat metabolism, muscle fiber type, muscle mass, L -carnitine A great deal of research has been done to elucidate the general nutritional value of beef on the growth of human subjects and the effects of protein quality and exercise on the growth and protein metabolism of animals and human beings ( 1-3 ). However, existing information about the nutritional effects of beef extract on muscle metabolism is not sufficient.
A great deal of research has been done to elucidate the general nutritional value of beef on the growth of human subjects and the effects of protein quality and exercise on the growth and protein metabolism of animals and human beings (1) (2) (3) . However, existing information about the nutritional effects of beef extract on muscle metabolism is not sufficient.
Skeletal muscle is composed of at least three fiber types on the basis of their contractile and energy metabolic properties; type I fibers exhibit an aerobic energy metabolism (slow-twitch fiber), type IIb fibers are predominantly glycolytic (fast-twitch fiber) and type IIa fibers are the intermediate type exhibiting both oxidative and glycolytic metabolisms. Lipids are easily accumulated in type I fibers ( 4 ), while glycogen depletion occurs primarily in the type II ( 5 ) . It is well known that cross-reinnervation, electrical stimulation or exercise evokes the fiber type conversion, although the molecular mechanisms mediating the transformation are not clearly elucidated ( 6 , 7 ) . This means that skeletal muscle cells possess a capacity to respond and adapt to metabolic changes imposed by physical stimulation or neural stimulation. Concretely, endurance exercise requiring the consumption of oxygen stimulates a shift to the slow twitch, oxidative muscle fibers ( 8 ) . The fiber types of adult skeletal muscle are closely related to energy metabolic characteristics as described above. Nutrition-induced regulation in mRNA levels for a number of metabolic genes have been well reported (9) (10) (11) . Thus, one question concerns whether the transformation of muscle fiber type can be induced nutritionally. If this would be possible, the diet containing the compositions promoting the aerobic metabolism would be expected to induce fast-slow fiber transformation.
Beef extract is rich in L -carnitine as well as carnosine, taurine and creatinine. With regard to the relationship between carnitine metabolism and muscle fiber type, Constantin-Teodosiu et al. ( 12 ) have recently demonstrated that accumulation of acetyl-L -carnitine in humans is greater in type I fibers, in which the greater mitochondria responsible for oxidative metabolism was present, than in type II fibers after an exhaustive prolonged one-legged exercise at ~75% VO 2 max for about 220 min. However, their report did not describe the relationship between carnitine intake and the fiber type transformation. They only suggested the physiological role of carnitine as a buffer agent neutralizing the excess acetyl group occurring during prolonged exercise in type I fibers. To our knowledge, few studies have been so far conducted on the effect of nutrients such as carnitine on muscle fiber type transformation, although undernutrition has been shown to induce an increase in the proportion of slow type fiber (13) (14) (15) .
Thus, the present experiments were conducted to confirm the effect of beef extract on fats metabolism and anabolic action in rats, and then to examine whether or not the transformation from one type to another in the soleus and extensor digitorum longus (EDL) occurred in response to the ingestion of beef extract as occurs with exercise.
MATERIALS AND METHODS
Animals, diets and exercise. Wistar (7 wk old) male rats were purchased from a commercial supplier (Seac Yoshitomi Ltd., Fukuoka, Japan). They were individually housed in stainless-steel wire-mesh cages in an animal room at 20˚C in 60% humidity under an artificial lighting system of 12 h light and 12 h darkness in the animal raising facility of Biotron Institute of Kyushu University. Rats were fed a commercial diet (Type MF of Oriental Yeast Co. Ltd., Tokyo) and water for 1 wk in order to acclimate them to the environment. After prefeeding, rats were divided into two groups. Twelve rats were assigned to the beef extract-supplemented diet and the other twelve rats were given the nonsupplemented diet. Each dietary group was furthermore subdivided into aerobically exercised and nonexercised groups (total 4 groups); Control: nonexercised, nonsupplemented, BE: nonexercised, supplemented, CE: exercised, nonsupplemented, BE ϩ CE: exercised, supplemented. Exercised subjects engaged in compulsory exercise for 30 min every other day with a treadmill running tool having 5% grade and 15 m/min speed and this protocol was assumed as low intensity endurance exercise compared with previous reports ( 16 ) . The body weight of each group at the beginning of the experiment (after pre-feeding) was adjusted to be as identical as possible [276.8 Ϯ 9.4 (SD) g in Control, 265.6 Ϯ 17.4 g in BE, 275.1 Ϯ 10.8 g in CE, 265.2 Ϯ 13.7 g in BE ϩ CE]. Beef extract (Ito Life Sciences Inc.) was added to the diets to achieve a concentration of 6%, which corresponded to 0.3% L -carnitine. The composition of the two different diets is given in Table 1 . Table 2 shows the result of componential analysis of beef extract by Ito Life Sciences Inc.
Rats were fed for 4 wk and were given free access to the diets and water supply. Food intake and body weight of each rat were recorded every other day. After 4 weeks feeding, urine was collected for quantifying carnitine concentration. Food was removed 24 h before killing, and the rats were killed after anesthetizing them with ethyl ether. The blood was collected by bleeding from the carotid artery. Sera were collected from the blood by centrifugation at 3,000 rpm for 10 min, and were kept at Ϫ 80˚C until use for assays. Visible abdominal fat, liver and other organs were carefully removed from carcass, weighed and frozen in liquid nitrogen. The soleus and EDL muscles were harvested, weighed, individually quick frozen by placing them in a dry ice-isopenthane mixture, and then stored at Ϫ 35˚C for histochemical analysis.
All experimental procedures were performed according to the guideline for Animal Experiment in the Measurement of fat content and fatty acid analysis. Lipids were extracted from serum, abdominal fat, liver and muscle by the method of Folch et al. ( 17 ) . Fat content was quantified gravimetrically after evaporation of the solvent (chloroform-methanol mixture) in the extracted lipids by freeze-drying. Fatty acid composition of extracted fat was analyzed by gas chromatography (GC-14B, Gas Chromatograph, Shimazu Co. Ltd., Japan) according to the method described previously ( 18 ) .
Measurement of carnitine concentrations in serum and urine. L -Carnitine in the serum and urine was determined by the method of a combination of carnitine (2 g ) were gently homogenized with a manual glass homogenizer in 6 vol/wt of 10 mmol/L Tris-HCl (pH 7.4) buffer containing 0.25 mol/L sucrose, 1 mmol/ L ethylenediamine tetra acetic acid (EDTA) and then centrifuged at 700 ϫ g for 10 min. The supernatant was centrifuged at 10,000 ϫ g for 10 min, and the pellet containing the mitochondria was removed carefully from the tube and then resuspended in the same buffer described above. This procedure was repeated twice. The resulting resuspended fraction (mitochondrial fraction) was used for subsequent determination of CPT II activity. On the other hand, the supernatant at second centrifugation was further centrifuged at 125,000 ϫ g for 60 min to remove microsome (cytosol fraction). Protein concentration of each fraction was determined by the Bradford method with bovine serum albumin as the standard ( 19 ) . These entire procedures were carried out at 4˚C. CPT II activity in mitochondrial fraction and FAS activity in liver cytosol were determined by the procedures of Markwell et al. ( 20 ) and Kelley et al. ( 21 ) , respectively.
Histochemical analysis. Serial frozen sections (8 µm thick) were cut transversely from the soleus and EDL muscles and stained by the histochemical reactions for myosin adenosine triphosphatase (ATPase) activities after preincubation of the solutions at pH 4.3 or 10.5 and reduced nicotine amide adenine dinucleotide dehydrogenase (NADH-DH) activities ( 22 ) . On microscopic photograph ( ϫ 50) taken on the same location of the specimen, myofibers were categorized into type I, IIa and IIb according to the nomenclature of Brooke and Kaiser ( 23 ) . Type I fibers were characterized to stain strongly with NADH-DH, reacted strongly to myosin ATPase after acid preincubation and weakly after alkaline preincubation. On the other hand, type II (type IIa and IIb) fibers had weak myosin ATPase activities under acidic conditions and strong activities under alkaline conditions. Type II fibers were further divided into type IIa and type IIb according to NADH-DH activities; type IIa reacted to it strongly and type IIb was unreactive. Very few fibers reacted to myosin ATPase under either pH condition, but these fibers were excluded from the analysis because of their small population. Percentage distribution of fiber types was calculated from the number of each type counted from a total 600-1,000 fibers in EDL and 500-600 fibers in soleus muscles.
Analysis for myosin heavy chain (MyHC) isoform composition. Frozen soleus and EDL muscle were homogenized and subjected to high-resolution SDS-polyacrylamide gel electrophoresis for the assessment of MyHC isoform content as described in detail by Talmadge and Roy ( 24 ) . Gels were stained with Coomassie Brilliant Blue G-250 (Nacalai Tesque Inc., Kyoto, Japan). The final product was captured on an image scanner and the relative content of MyHC isoforms was estimated using image analysis software (NIH image 1.61). MyHC isoforms were identified according to their apparent molecular masses as indicated by migration rate
Statistical analysis. Data values are expressed as means Ϯ SD. Statistical analysis was made by two-way ANOVA to test the effects of exercise, supplement and their interaction using STATISTICA (Japanese version) software (Statsoft, USA). The main effects of diet and exercise were tested using linear contrasts, as was the interaction. Level of significance was set for p Ͻ 0.05.
RESULTS

Body weight and fat
The body weight gain (%), food intake (g/d) and food efficiency (g gain/100 g diet) during the 4 weeks feeding are shown in Table 3 . Compulsory exercise decreased body weight gains significantly, but beef extract supplementation did not affected body weight significantly. Food intake or food efficiency showed a pattern similar to that of body weight gain. The interactive effects of supplement and exercise were not significant.
Visceral fat weights of exercised rats (CE and BE ϩ CE) and supplemented rats without exercise (BE) were sig- nificantly reduced from that of the control. Liver weights of supplemented rats with or without exercise (BE and BE ϩ CE) were significantly lower than for the control ( Table 4 ). The interactive effects of the supplementation and exercise on visceral fat weights were not observed. Supplementation significantly reduced lipid content in the liver and this was obviously further enhanced by exercise (Table 5) . On the other hand, lipid content in muscle was not significantly influenced by supplementation but a slight decrease was observed in the exercised groups.
Fatty acid composition in each organ (visceral fat, muscle, liver, serum) was not changed by exercise or beef extract supplement, indicating that fatty acid repartition in rat bodies was not influenced by beef extract intake (data not shown).
Free carnitine concentrations in the serum and urine
In order to confirm the absorption of carnitine in beef extract in the rat body, free carnitine concentrations in serum and urine were spectrophotometrically measured (Table 6 ). In nonexercised groups, serum carnitine concentrations were significantly higher in the supplemented rats compared to control rats (Control vs. BE), whereas in exercised groups they were not appreciably affected by supplementation (CE vs. BE ϩ CE). Levels of urinary excretion of carnitine were significantly higher in supplemented rats than in nonsupplemented rats with and without exercise. These results were in agreement with those of Siliprandi et al. ( 25 ) . Nuesch et al. also observed an increase of free carnitine concentrations in the plasma and urine with and without exercise after taking L-carnitine orally (26) .
CPT II and FAS activities in the liver
Since CPT I is easy to denature by freeze-thawing, a precise measurement of the activity is generally difficult (27) . Therefore, the activity of CPT II in mitochondria isolated from rat liver, which is resistant to freezing, was measured in this experiment (Fig. 1A) . Supplementation, exercise or both showed a trend of elevating the CPT II activity, but there were not significant differences in the activity among these three treatments.
The activity of FAS in mitochondria isolated from liver, which is responsible for fatty acid synthesis, was also measured. Exercise significantly reduced the FAS activity, as evidenced by Fig. 1B . The most pronounced reduction was in the case of the nonsupplemented-exercised group. On the other hand, adding beef extract tended to diminish the effect of exercise on the FAS activity. Table 7 shows the combined effect of exercise and beef extract supplement on the relative muscle weights of soleus (slow-twitch, oxidative) and EDL (fast-twitch, glycolytic) after 4 weeks feeding. In nonexercised groups, beef extract supplementation significantly increased the relative weights (mg/100 g body weight) of EDL and soleus, while the muscle weights were also increased by exercise alone compared to the control group. However, muscle weights of the exercised rats were not significantly influenced by beef extract supplement in either EDL or soleus. The absolute weight of soleus was significantly increased in the nonexercised supplemented rats compared with the control group (pϽ0.05). The absolute weight of EDL were not significantly changed among all groups (Table 7) .
Muscle weight and muscle fiber type analysis
Myofibrils with a negative reaction for alkaline ATPase and a positive for acid ATPase were designated as type I and those with the reverse reactions as type II. Figure 2 shows enzyme activities in serial transverse sections of EDL in rats without exercise. A large number of myofibrils showing a positive reaction for acid ATPase (pH 4.3) was observed in supplemented rats (B-1). The strong NADH-DH activity in EDL was indicated by type I or IIa fiber that contained many mitochondria. This type was observed frequently in the specimen of nonexercised, supplemented rats (B-2). Type IIb fibers showed weak NADH-DH activity. In the specimen of control rats (nonexercised, nonsupplemented), type I fibers were observed at lower frequency (A-1), but type IIb were abundant (A-2).
On the basis of histochemical observations in Fig. 2 , See the footnote to Table 3. the distributions of three fiber types in each muscle were estimated by two observers who were blinded to this experimental aim. In soleus muscle of nonexercised, nonsupplemented rats (control), type I and type IIa fibers accounted for approximately 93% and 7%, respectively (Fig. 3B) . In EDL, the population was 5, 41 and 54% for type I, IIa and IIb, respectively (Fig. 3A) . Beef extract supplement increased the type I and type IIa fibers in EDL muscle of nonexercised rats with a compensatory decrease in type IIb fibers ( Fig. 3C-E) . As a result, the mean percent of fibers classified as type I and type IIa was increased from 5.0% (control) to 7.0% and from 41% (control) to 49% in nonexcercised, supplemented rats. The combination of exercise and supplementation induced an increase in type IIa with a compensatory decrease in type IIb as well in the case of supplemented rats without exercise. However, the increase in the percentage of type I was small (from 5.0% to 6.4%). The effect of the combination of beef extract supplement and exercise on the distributions of fiber types was less than the additive of their individual effects, indicating the lack of synergetic effect between them. In the case of soleus, no treatment differences in the fiber type compositions were detected at the end of the feeding experiment (Fig. 3B ). This result was unexpected, but might be due to a physiological characteristic of soleus itself that specializes in oxidative metabolism. SDS-polyacrylamide gel electrophoresis, which is based on the differences in distributions of MyHC isoforms is a commonly used procedure for determining fiber types in mammalian skeletal muscles. Figure 4 illustrates the typical MyHC electrophoresis pattern in the EDL. The mean percent of type IIb MyHC distribution tended to decrease from 56.4 to 50.1%, while type IIa and IIx were slightly increased and type I increased significantly from 2.0 to 4.6% in nonexcercised, supplemented rats. No synergetic effect between beef extract and exercise was observed (Fig. 5) . Regardless of treatments, diffrences in MyHC compositions of soleus were not detected as in the case of histochemical observations (data not shown).
DISCUSSION
Present results indicate that beef extract supplement caused an increase in leg muscle weight and modified the muscle fiber type, particularly in EDL (Table 7, Figs. 2-5). It was concluded that the former finding was not due to the accumulation of lipids in the tissue, but rather due to the hypertrophy of muscle, judging from the fact that neither the supplement nor exercise affected lipid content of those muscles (Table 5 ). Exercise or beef extract supplementation may promote the growth of muscle by inducing an increase in serum concentrations of growth factors such as insulin-like growth factor (IGF)-I and S-myotrophin, which stimulate the synthesis of proteins and nucleic acids (28, 29) . However, this idea does not provide a clear answer to Percentage distribution of each fiber type was calculated from the number of each type counted from a total 600-1,000 fibers in muscle (nϭ4-5). Con, control; BE, beef extract supplemented; CE, compulsory exercise. the result in Table 7 .
It is difficult to immediately explain what substances contained in beef extracts effect physiological change in this experiment. Beef extract contains a large number of physiologically active substances, L-carnitine, carnosine, taurine and so on ( Table 2) . Each of these substances might affect skeletal muscle property separately or cooperatively, but it is possible that unknown minor substances specific to beef extract affected it.
L-Carnitine, which is highly present in beef, may be one of the candidates for nutritional muscle fiber type transformation. L-Carnitine plays an important role in fat metabolism because it promotes the mitochondrial uptake of long-chain fatty acids for ␤-oxidation coupled with ATP production (30) . Therefore, carnitine supplementation is clinically used to improve muscle function during endurance exercise (31). However, whether or not L-carnitine intake has an effect on these performances is not fully understood.
Based on the daily food consumption by the rats in the present experiment (Table 3) , carnitine intake was estimated to be about 200 mg/kg rat body weight, which did not seem to be a toxic dosage (32) . Analysis of Table 6 showed an increase in carnitine in the serum and urine with beef extract supplement, indicating that the dietary carnitine was absorbed by rats to some extent. Serum carnitine concentration in BEϩCE were not appreciably affected by the supplement. However, the previous reports showed that carnitine in serum was less susceptible than in urine (25, 33) .
Beef extract supplement alone decreased liver and visceral fat weights of rats, reflecting the promotion of fat metabolism, although the effect was not as large as that of exercise. This might be due to the effect of carnitine in beef extract. Hongu and Sachan (32) reported that fat pad weights and total lipids of epididymal, inguinal and perirenal regions were significantly reduced by the supplement as well as by exercise although they used caffeine and choline as a supplement besides carnitine. Shimura and Hasegawa (34) reported that levels of cholesterol and triglycerides in liver of rats fed a high fat diet decreased with administration of carnitine. The slightly lower food intake in BE than Control (92.4%) might affect body fat level to some extent. However, its effect would be little because Ji et al. reported that diet restricted to 95% for 9 wk did not affect the percentage of body fat in rats (35) .
To further account for the effect of carnitine on fat metabolism, we measured CPT II and FAS activities in the liver. CPT complex is composed of CPT I, located on the outer surface of the outer mitochondrial membrane, acylcarnitine translocase and CPT II, located on the inner mitochondrial membrane, and plays a part in the transfer of long-chain fatty acids in the mitochondria for subsequent ␤-oxidation. As a result, CPT II activity was found to increase significantly with supplement alone or with exercise alone as shown in Fig. 1A . Recently, Starritt et al. (27) measured CPT I activity in human skeletal muscle, and reported that the maximal CPT I activity was higher in the exercised group than in the nonexercised group. Since their results suggested that the increase in CPT I activity might explain the promotion of the oxidation of fatty acids, the observed increase of CPT II activity with the supplement alone may also explain the contribution of carnitine to the loss in fat weight of rats (Table 4 ). In contrast, exercise significantly decreased FAS activity. This result was in agreement with the report of Griffiths et al. (36) that prolonged exercise suppressed induction of both FAS mRNA and enzyme activity of rats fed a high carbohydrate diet. However, in the present experiment the supplement showed a trend to diminish the effect of exercise on the FAS activity. The reason is unclear, but carnitine seems to affect only the oxidation of fatty acids, not their synthesis.
As described above, the diet with beef extract evidently increased the carnitine content in the serum and urine, and mitochondrial CPT II activity in the liver. Furthermore, fat pad mass in rats was surely decreased by beef extract intake. Thus, it was appreciated that these results were due to the effect of carnitine as a facilitator of fatty acid oxidation. However, the combination effect of carnitine and other nutrients in beef extract could not be ruled out as suggested by Askew et al. (37) , which needs to be examined in future studies. For example, it is reported that taurine also decreased body fat (38) . Individual muscle contains fiber types in different combinations. For example, the adult soleus muscle contains type I fibers in addition to relatively small amounts of type IIa and type IIb fibers, while the adult EDL muscle contains only a few type I fibers, the others being type II fibers. Histochemical observation and MyHC composition of the soleus and EDL muscles showed the obvious evidence that the muscle fiber type could be changeable in response to the nutrition environment (Figs. 2-5 ). In particular, it was quite reasonable that the dietary carnitine participating the aerobic ATP production in muscle contributed to conversion of the fast-glycolytic EDL into slow-oxidative EDL. However, unexpectedly no synergistic effect of dietary supplement and exercise was observed. This result may appear surprising since exercise leads to the transformation of muscle fiber types (6, 7), but it might be interpreted that EDL muscle itself restrained over response during prolonged exercise by limiting uptake of fatty acids. It was also conceivable that the intensity or period of exercise in this experiment was not so strong as to cause notable change of skeletal muscle fiber types. Sullivan et al. showed that exercise training, which was 18-20 m/min treadmill running (60 min) 5 d/wk for 8 wk, resulted in a decrease in the percentage of type IIb MyHC (untrained, 43.0%; trained, 29.9%) and an increase in the percentage of type IIa MyHC (untrained, 14.0%; trained, 17.5%) in plantaris muscle in rats (16) . Therefore, it is necessary to examine high intensity or long term effects of exercise training in order to check the synergistic effect of beef extract and exercise. Interestingly, neither supplement nor exercise affected the proportion of fiber types in the soleus muscle. Brass et al. (31) reported that EDL and soleus muscles took up carnitine from the blood to the same extent, but in only soleus muscle was the increased accumulation of glycogen by carnitine administration observed. This suggested that soleus muscle could effectively use the energy of ATP produced by ␤-oxidation of fatty acids, resulting in saving the consumption of stored glycogen. The soleus muscle is intrinsically a typical slow-oxidative red muscle, so that it may not be required for the change to oxidative state any more.
It is important to discuss how nutrients (i.e. beef extract including carnitine) might specifically induce the transformation from type IIb to type I and type IIa in EDL without exercise. There are few reports describing the relationship between nutrition (diet) and the fiber type characteristics of skeletal muscle. Dietary restriction failed to change the fiber types of soleus and EDL in rats or pigs (15, 39) . Suzuki (13) reported that the white fiber (probably type IIb rich fiber) was affected more greatly by starvation than the red fiber (probably type I or type IIa rich fiber). This report suggested the possibility that the decrease in glycogen content in the fibers during starvation led to conversion of muscle fiber type in response to the extreme nutritional environment. Recently Higashiura et al. (14) reported that high fructose-fed rats (insulin-resistance diabetogenic diet) increased the percentage of type IIa at the expense of a decrease in type I in soleus, suggesting the alteration of muscle fiber composition linkage to insulin resistance and hypertension. Kikuzawa et al. reported that ingestion of L-arabinose increased type I fibers in the rectus femoris muscle in rats (40) . However, these facts were not always useful as an explanation of our present results because we studied the effect of beef extract as a supplement but not as the energy source. Our understanding of fiber type-specific genes and the molecular mechanism regulating adult skeletal muscle fiber transformation has recently been advanced by experiments in which cross-innervation or electrical stimulation can convert one myofiber subtype to another. At present, it is proposed that fiber-type-specific gene expression is regulated by a signaling pathway that involves calcineurin (calcium-regulated serine/threonine phosphatase) which controls the functional activity of the nuclear family of activated T cell (NFAT) (41, 42) . This model is attractive for an understanding of our finding, that is nutrition-induced fiber transformation, although the mechanisms of molecular response may be different.
Our present results showed strong evidence that the muscle cell has a capacity to respond and adapt to the nutritional state as well as physical stimulation. Further studies are required to identify the nutritional constituent(s) in beef extract that converts fast type fiber to slow type fiber, and then to study the mechanisms of molecular response for the cellular adaptations associated with the nutrition. To accomplish these aims, experiments are now in progress in our laboratory.
